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GC/MSThe hydro-distilled essential oil from ﬂowering aerial parts of Vernonia cinerea Less. (Asteraceae)was investigated
by using GC-FID and GC/MS. Thirty-eight components, represented 95.1% of the total oil were identiﬁed. The
major constituents of the essential oil were β-caryophyllene (23.2%), δ-cadinene (10.3%), γ-amorphene (7.5%),
cis-β-guaiene (6.8%), premnaspirodiene (6.3%) and 9-epi-β-caryophyllene (4.8%). The oil was found to be rich
in sesquiterpene hydrocarbon type constituents (81.2%).
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Vernonia cinerea Less. (Asteraceae) is an erect branched herb that
commonly grows in waste lands. This plant is used in traditional medi-
cine to promote perspiration, reduce fever, and as an anthelmintic
(Haines, 2006). Diverse pharmacological activities such as analgesic,
antipyretic (Iwalewa et al., 2003), anti-inﬂammatory (Iwalewa
et al., 2003; Kumar and Kuttan, 2009; Youn et al., 2012), ameliorative
(Gokilaveni et al., 2006), diuretic and antidiuretic (Adeboye et al.,
1997), antibacterial (Rizvi et al., 2011), antioxidant (Rizvi et al., 2011;
Kumar and Kuttan, 2009) and mosquito larvicidal (Arivoli et al., 2011)
have been reported. The compounds lupeol, 12-oleanen-3-ol-3β-acetate,
stigmasterol, β-sitosterol (Haque et al., 2012), 8α-hydroxyhirsutinolide,
8α-hydroxyl-1-O-methylhirsutinolide (Youn et al., 2012), and luteolin
(Lai and Wu, 2013) have been identiﬁed from the leaves of V. cinerea.
The aim of this study was to explore and generate terpenoid proﬁle of
the essential oil from V. cinerea. To the best of author's knowledge this
is the ﬁrst report on the essential oil composition of ﬂowering aerial
parts of V. cinerea.
2. Materials and methods
2.1. Plant material
The ﬂowering aerial parts of V. cinerea were collected in July, 2013
from Belgaum (N 15.88668; E 74.52353), Karnataka, India at an elevationhts reserved.of approximately 800 m. The plant was identiﬁed by a Taxonomist,
Dr. Harsha Hegde, Scientist, Regional Medical Research Centre
(RMRC), Belgaum (voucher specimen no. RMRC-951).
2.2. Isolation of essential oil
The fresh plant material (500 g) was hydro-distilled for 3 h using a
Clevenger type apparatus. The oil was dried over anhydrous sodium sul-
fate and stored at−4 °C until further analysis. The yield of the oil was
0.11% v/w.
2.3. Analysis of the essential oil
The chemical composition of the oil was analyzed by using a gas
chromatograph (GC) (Varian 450 ﬁtted with a fused silica capillary
column TG-5, 30 m × 0.25 mm i.d., 0.25 μm ﬁlm thickness) under the
experimental conditions reported earlier (Joshi, 2013a,b). The oven
temperature was programmed from 60 to 220 °C at 3 °C/min, using
nitrogen as carrier gas. The injector and the detector (FID) tempera-
ture were set at 230 °C and 240 °C, respectively. Gas chromatography–
mass spectrometer (GC–MS) analysis was employed a Thermo Scien-
tiﬁc Trace Ultra GC interfaced with a Thermo Scientiﬁc ITQ 1100
mass spectrometer ﬁtted with a TG-5 fused silica capillary column
(30 m × 0.25 mm; 0.25 μm ﬁlm thickness). The oven temperature
range was programmed from 60 to 220 °C at 3 °C/min and helium
was used as carrier gas at 1.0 mL/min for analysis. The injector tem-
perature was set at 230 °C, and the injection volume was 0.1 μL in n-
hexane, with a split ratio of 1:50. MS were taken at 70 eV with a mass
Table 1
Chemical composition of the essential oil of Vernonia cinerea.
RI Compound % Identiﬁcation
919 α-Pinene 2.1 RI, MS
950 β-Pinene 0.8 RI, MS
961 Myrcene t RI, MS
1003 Z-β-Ocimene 1.7 RI, MS
1014 E-β-Ocimene 1.2 RI, MS
1064 trans-Sabinene hydrate 0.5 RI, MS
1157 Methyl salicylate 0.2 RI, MS
1346 Silphiperfol-5-en 0.8 RI, MS
1367 7-epi-Silphiperfol-5-en 0.6 RI, MS
1393 α-Cubebene 1.1 RI, MS
1401 Cyclosativene t RI, MS
1406 α-Copaene 2.9 RI, MS
1414 α-Bourbonene 0.5 RI, MS
1423 β-Elemene 1.7 RI, MS
1432 Cyperene 0.6 RI, MS
1446 α-Gurjunene 3.5 RI, MS
1456 β-Caryophyllene 23.2 RI, MS
1465 β-Copaene 0.6 RI, MS
1471 α-Guaiene 0.5 RI, MS
1478 α-neo-Clovene 1.1 RI, MS
1482 Seychellene 0.3 RI, MS
1487 cis-Cadine-1(6),4-diene t RI, MS
1492 9-epi-β-Caryophyllene 4.8 RI, MS
1501 γ-Himachalene 3.7 RI, MS
1520 cis-β-Guaiene 6.8 RI, MS
1524 γ-Amorphene 7.5 RI, MS
1540 Premnaspirodiene 6.3 RI, MS
1562 δ-Cadinene 10.3 RI, MS
1565 Selina-3,7(11)-diene 1.5 RI, MS
1577 trans-Dauca-4(11),7-diene 1.1 RI, MS
1563 β-Calacorene 1.8 RI, MS
1627 Caryophyllene oxide 1.2 RI, MS
1661 10-epi-α-Eudesmol 1.7 RI, MS
1669 Muurola-4,10(14)-diene-1-β-ol 0.7 RI, MS
1680 β-Acorenol 0.5 RI, MS
1691 epi-α-Cadinol 0.6 RI, MS
1704 α-Cadinol 1.9 RI, MS
1742 Eudesma-4(15),7-diene-1-β-ol 0.8 RI, MS
Monoterpene hydrocarbons 5.8
Oxygenated monoterpene 0.5
Sesquiterpene hydrocarbons 81.2
Oxygenated sesquiterpenes 7.4
Phenyl derivative 0.2
Total identiﬁed 95.1
RI = retention index relative to C8–C25 n-alkanes on TG-5 column,MS = NIST andWiley
library and the literature, t = trace (b0.1%).
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earlier (Joshi, 2011, 2014).2.4. Identiﬁcation of the components
Identiﬁcation of constituents were done on the basis of retention
index (RI, determined with reference to homologous series of n-
alkanes C8–C25, under identical experimental conditions), MS library
searchwas done in NIST 08MS Library (Version 2.0 f. Thermo Fisher Sci-
entiﬁc Austria) and WILEY MS 9th Edition (Thermo Fisher Scientiﬁc
Austria), and by comparing with the MS literature data (Adams, 2007).
The relative amounts of individual components were calculated based
on the GC peak area (FID response) without using a correction factor.3. Results and discussion
Thirty-eight compounds were characterized and identiﬁed accord-
ing to theirmass spectra and their relative retention indices determined
in a non-polar stationary phase capillary column, comprising 95.1% of
the total oil constituents. The identiﬁed compounds are listed in
Table 1 in elution order from the TG-5 column, along with the percent-
age composition of each component and its retention index. The major
constituents were β-caryophyllene (23.2%), δ-cadinene (10.3%), γ-
amorphene (7.5%), cis-β-guaiene (6.8%), premnaspirodiene (6.3%) and
9-epi-β-caryophyllene (4.8%). The oil was found to be rich in sesquiter-
pene hydrocarbon type constituents (81.2%), followed by oxygenated
sesquiterpenes (7.4%), monoterpene hydrocarbons (5.8%), oxygenated
monoterpene (0.5%), and phenyl derivative (0.2%). This is the ﬁrst
report on the chemical composition of the essential oil of V. cinerea. Fur-
ther studies are required to investigate biological activities of essential
oil of this plant.
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